Abstract: In this paper we present a method to compute ionization rates induced by relativistic electron precipitation with non-vertical incidence. Atmospheric ionization for monoenergetic (>100 keV) relativistic electron precipitation including explicitly ionization via bremsstrahlung radiation is considered. Two peaks of energy deposition can be identified for the ionization profiles caused by relativistic electrons. The first ionization peak is related to direct ionization of primary relativistic electrons and the second corresponds to bremsstrahlung radiation. The ionization rates are presented in Lookup Tables for  vertical, 
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Here we focus on electrons in the energy range 100 keV-500 MeV. Typically, the pri-9 mary ionization is induced via direct electron impact and secondary is mostly due to The ionization yield function Y(x, K) (ion pairs cm 2 g −1 ) is a number of ion pairs in- 
where
55
Electrons precipitate at the upper boundary of the atmosphere with various incidence.
56
In this case ionization yield function Y f (x, K) can be computed for electrons angular
where α is the zenith angle and ϕ is the azimuth angle of precipitating electron. Note 59 that the function f (α, ϕ) is normalized as:
since the ionization yield function is determined per one precipitating electron at the 61 upper boundary of atmosphere. In axisymmetric case, when f is independent on ϕ.
In section 3 we present results for angular distribution function:
In the isotropic case (n = 1): f (α) = (1/π) cos α. Isotropic case means isotropic distri- 
69
Ionization rates (ion pairs per cm −3 s −1 ) at atmospheric altitude h (km) can be com-70 puted as:
where ρ(h) is the density of the atmosphere at a given altitude h which corresponds particles J(K) (cm −2 s −1 sr −1 ) as:
In our isotropic case F(K) = 1 cm −2 s −1 corresponding to J(K) = 1/π cm −2 s −1 sr −1 .
77
Note that atmospheric depth x is determined such that at the upper boundary of atmo- flux. In this case ionization rates must be computes as:
The common scheme of computation of ionization rates by the family of CRAC (Cos- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 65
Eq.2-4
Eq.6
Eq.8 The classical analytical models did not consider secondary bremsstrahlung radiation and 106 scattering of primary electrons in the atmosphere (e.g. Goldberg et al. (1984) ). Figure 2: Ionization rates vs. altitude due to isotropic incidence of monoenergetic electrons in the energy range 100 keV -100 MeV, as denoted in the legend.
For verification of our approach (eq.1) we made simulations ionization rates using
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